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Animal phylogeny: Root and branch surgery
Anthony Graham
Our view of how many phyla relate to each other is
being radically revised by molecular phylogenetics. For
example, arthropods and annelids are no longer placed
together, but are now considered to be in separate
clades. The new tree has important ramifications for
developmental biology and genomics.
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A phylogeny is a description, usually in the form of a tree, of
the relationship between groups, or taxa. It is of great impor-
tance because it gives us a context within which evolution-
ary relationships can be understood, and within which
comparative studies can be used to identify the genetic and
developmental processes that underlie evolutionary change.
In the past, animal phylogenies were largely based on mor-
phological and embryological criteria, and this produced a
phylogeny that was, by and large, widely accepted.
Recently, however, independent molecular phylogenies
have suggested a radical new tree. In this phylogeny, there
is a profound split amongst the bilateral animals, with the
phyla being grouped into three giant clades: the deuteros-
tomes, the ecdysozoa and the lophotrochozoa. Furthermore,
a number of phyla are now situated in quite novel positions. 
The typical, traditional phylogenetic tree for the main
animal taxa is shown in Figure 1a [1]. One general feature
of this tree is that there tends to be an increase in
complexity from bottom to top. At the very base of the
tree, outside the metazoa proper, are the mesozoa, organ-
isms that lack typical animal characteristics, such as a gut
or nervous system, and indeed, whose development pro-
ceeds without gastrulation or the formation of germ layers.
Branching above these organisms are the coelenterates —
the jelly fish, sea anemones and corals, which have only
two germ layers, ectoderm and endoderm, giving rise to
epidermis and nerve cells and the digestive cavity, respec-
tively. All other animals share two characteristics; they are
bilaterally symmetrical and they have a third germ layer,
the mesoderm, which forms the musculature and con-
tributes to the internal organs. Correspondingly, the col-
lective terms bilateria and triploblasts are often used to
describe this grade of organisation.
The bilateria grouping is further split into those animals
that have a coelom, or body cavity, and those that do not.
In animals with a coelom, there is a fluid-filled space within
the mesoderm, while in acoleomate animals there is no
cavity. There is also a group of animals in which there are
internal cavities, but which lack a true coelom, and these
are classed as pseudoecoelomates. The coelomate animals
are further subdivided into two large groups, or clades, the
protostomes and the deuterostomes, based upon a number
of embryological criteria. These include how the mouth is
generated, the way in which their eggs cleave and the
manner in which the coelom forms. Within the protostomes
one finds molluscs, annelids and arthropods, and these
latter two phyla have often been placed close together as
members of both are overtly segmented. The deuteros-
tomes, on the other hand, include echinoderms, hemichor-
dates and members of our phylum, the chordates. 
Although the phylogenetic tree outlined above has long
been a standard, and one that is widely found in text-
books, it does now seem to be wrong, and wrong in a
number of important places. Two years ago, Aguinaldo et
al. [2] published a revised phylogenetic tree (Figure 1b)
based on 18S ribosomal DNA sequences, and this work
yielded a number of major surprises. Firstly, it suggested
that arthropods and annelids, which for so long had been
placed alongside each other, are not closely related.
Secondly, and possibly even more surprisingly, their
analysis of these sequences placed the nematodes in a rad-
ically different position in the tree. This phylum was now
placed within the coelomates close to the arthropods.
Aguinaldo et al. [2] proposed a radical restructuring of the
metazoan phylogenetic tree. They suggested that the pro-
tostomes in fact consist of two very large groupings, or
clades — the ecdysozoa and the lophotrochozoa. The new
ecdysozoa clade included arthropods, nematodes and ony-
cophora, which besides displaying close relationships in
their 18S sequences are also related by containing moult-
ing animals. The remaining protostomes they placed in
the lophotrochozoa clade, and this included the annelids,
molluscs, platyhelminths and a range of other phyla. 
This new tree was clearly very different from those that
had been proposed previously (Figure 1), but its
widespread acceptance suffered from the fact that it was
based on an analysis of 18S ribosomal DNA sequence. A
phylogenetic tree constructed on the basis of 18S riboso-
mal DNA sequences is not necessarily conclusive [3], and
for this new tree to be widely accepted it was clearly
important that it was supported by independent molecular
evidence. Recently, a phylogenetic analysis based on Hox
genes has provided just such support [4], and it is now
impossible to ignore this new phylogeny.
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Hox genes play key roles in patterning the body plan of all
animals, and they are invariably found clustered within
the genome [5]. Importantly, the Hox clusters of all the
bilateria derive from an ancestral cluster that possessed at
least five Hox genes, which sequence comparisons have
identified as being represented by the following: lab/Hox1,
pb/Hox2, zen/Hox3, Dfd/Hox4 and Scr/Hox5 [4]. The
number of Hox genes within a cluster varies among the
bilateria, however, and in some instances these variations
are due to the emergence of new genes. For example, the
Drosophila Ubx and AbdB genes have no direct deuteros-
tome, or even annelid, homologues [6], while the leech, an
annelid, has three genes, Lox5, Lox 2 and Lox4, that proba-
bly evolved from an Antp-like ancestor, but which have
not been described in other phyla [7–9].
The presence of these new genes is undoubtedly a result
of more recent gene duplication events. As such, these dis-
tinct Hox genes can help reveal evolutionary history, and
this fact has been recently exploited by de Rosa et al., [4].
These authors surveyed the genomes of representatives of
a number of protostome phyla, probing for the presence of
such individual diagnostic Hox genes. Homologues of
genes can be readily identified because their sequence
relatedness covers, not just the homeodomain, but
extends for a number of residues towards both the amino
and carboxyl termini. They found that genes diagnostic of
the arthropod Drosophila, Ubx and AbdB, are also present
in the genomes of onycophora and the nematode
Caenorhabditis elegans, but are absent from other proto-
stomes. Correspondingly, they found that the Lox5, Lox2
and Lox4 genes, which were initially characterised in the
leech, and annelid, were also found in a mollusc, and a
brachiopod. Furthermore, they found that the brachiopods
and polychaetes, which are annelids, both have two dis-
tinct Hox genes, called Post-1 and Post-2. 
Clearly, the analysis of Hox gene complement is a power-
ful tool for probing the relationships between animals, and
very recently it has also been extended to a study of the
dicyemid mesozoa, whose phylogenetic position has long
been a subject of controversy [10]. These organisms were
often thought of as not even being animals, but they do
possess Hox genes. Even more strikingly, they have a Lox5
gene, suggesting that they are members of the lophotro-
chozoa [10]. Thus, the dicyemid mesozoa are in fact
higher animals, albeit degenerate ones, whose body plan
has been drastically reduced, probably as a result of their
parasitic lifestyle.
These are important results, firstly because they provide
independent evidence that strongly supports the splitting
of the protostomes into the ecdysozoa and the lophotro-
chozoa clades proposed by Aguinaldo et al. [2]. The
ecdysozoa are characterised by the presence of Hox genes
of the Ubx and AbdB types, while the lophotrochozoa are
characterised by the presence of Hox genes of the Lox5,
Lox2, Lox4, Post-1 and Post-2 types. The analysis of de
Rosa et al. [4] also supports the view that the deuteros-
tomes are a single, monophyletic grouping. This extended
analysis of Hox gene complements has also suggested that
the bilaterian ancestor had more genes than we previously
thought — de Rosa et al. [4] suggest a minimum number
of seven, although it could be as high as ten. This is signif-
icant, as the identification of the ancestral Hox gene
cluster gives us insights into the genetic changes that
underlie evolutionary change, and clearly loss of Hox
genes must be as important as gain. 
These studies leave us with the inescapable conclusion that
our traditional view of animal phylogeny is wrong. It now
seems that the bilateria are split into three great clades: the
deuterostomes, the ecdysozoa and the lophotrochozoa, with
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Figure 1
(a) A traditional phylogenetic tree and (b) the
new phylogenetic tree, each showing the
positions of selected phyla. B, bilateria;
AC, acoelomates; PC, pseudocoelomates;
C, coelomates; P, protostomes;
L, lophotrochozoa; E, ecdysozoa;
D, deuterostomes.
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the last two comprising the protostomes, although that
classification is probably of less significance now. Impor-
tantly, in this new tree the arthropods and annelids are not
grouped together, but are placed separately in the ecdyso-
zoa and lophotrochozoa, respectively. Previously, these
two phyla were placed in proximity to each other, as their
members are both overtly segmented, but it is likely,
given the new tree, that segmentation in the arthropods
and annelids has evolved independently. The fact that the
arthropods are now to be found alongside the nematodes
has far reaching ramifications [4]. Drosophila and C. elegans,
members of the arthropods and nematodes, respectively,
are our premier model systems for understanding develop-
ment and genomics. These two systems not only have the
benefit of being amenable to genetic analysis, but with
the old tree there was also the added value that nematodes
were placed basal to the bilateria. Consequently, one
could assume that, if Drosophila and C. elegans shared a
gene, or a developmental event, then by inference it was
also shared by humans. But with the new tree that need
not be the case. Rather, a shared feature between these
two model organisms could merely reflect a conserved
characteristic of the ecdysozoa. 
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